ABSTRACT The diversity and abundance of arthropods in feral and cultivated hop, Humulus lupulus L., in the major hop producing area of Canyon Co. in southern Idaho was measured during 2000 and 2001 from leaf and vacuum samples. A total of 133 arthropod species was collected from cultivated and feral hop during the 2-yr study. More species were collected using vacuum than leaf samples, but both methods indicated that feral sites were more diverse than cultivated sites. For leaf samples, the higher diversity of feral sites resulted from greater species evenness in feral than in cultivated sites. For vacuum samples, species evenness was similar, and species richness higher, in feral compared with cultivated sites. Cultivated hop had 5Ð10 times as many Tetranychus urticae Koch/leaf than feral hop; however, no statistically signiÞcant differences in the number of T. urticae/leaf on cultivated and feral hop were detected in either year. Hop plants in feral sites were infested with a greater number of Phorodon humuli (Schrank) in 2000 but not in 2001. The diversity and abundance of phytoseiid predators of T. urticae, did not differ between feral and cultivated hop.
HOP, Humulus lupulus L. (Urticales: Cannabaceae), is a specialty crop produced for the female ßowers, or cones (hops), which are an essential ingredient in beer production. Hop cones bear lupulin glands that contain the soft resins and essential oils that impart bitterness, ßavor, aroma, and preservative qualities to beer. Because these qualities are distinctive and proprietary, a stable supply of high-quality hops is a priority for the brewing industry.
Commercial production of hops in the United States is conÞned to the PaciÞc Northwest states of Oregon, Washington, and Idaho. Climate, soil type, hop variety, and production practices vary greatly within and among the hop-growing regions. Regardless of location or production practices, arthropods represent a major factor limiting U.S. hops production. Arthropods attack the leaves, stems, roots, and cones of hop plants, reducing yield and/or quality of the crop. Although numerous arthropods are known to attack hop, the most serious are the twospotted spider mite, Tetranychus urticae Koch (Acari: Tetranychidae) and the hop aphid, Phorodon humuli (Schrank) (Homoptera: Aphididae). Both typically require two to three pesticide applications annually to prevent populations from reaching outbreak levels (Strong and Croft 1995) . Consequently, development of pesticide resistance is a common problem for hop pest management (Campbell 1978 , Cranham 1985 , Campbell and Cone 1994 .
The existence of an effective biological control program for these pests would be a valuable management option that could address environmental issues, enhance worker safety, and delay or prevent development of pesticide resistance by reducing the number of applications and/or application rates of pesticides used to control T. urticae and P. humuli. An abundant complement of natural enemies to hop pests exists in areas where hops are grown (Aveling 1981 , Campbell and Cone 1994 , 1995 , James et al. 2001 . Although several of these may be of value in maintaining pest populations below damaging levels, to date, programs attempting to establish biological control of these pests in hop have not been successful (Campbell 1990, Strong and Croft 1995) .
Several authors have argued that current crop management practices make natural control of T. urticae and P. humuli on hop by predaceous arthropods an unlikely proposition (Cranham 1985, Strong and Croft 1995) . Although hop is a perennial crop, it is managed much like an annual crop in that most above-ground vegetation is removed each year. During the growing season, practices such as crowning, weed control, and the use of nonselective pesticides for control of T. urticae, P. humuli, and other arthropod pests [i.e., black vine weevil (Otiorhyncus sulcatus (Fab.) (Coleoptera: Curculionidae) and hop powdery mildew (Podosphaera macularis (Wallr.)] make it difÞcult to establish and maintain long-term equilibria between predator and prey required to achieve the necessary level of control (Strong and Croft 1995) .
By comparing arthropod diversity and abundance in managed cropping systems with communities in natural or feral systems some effects of agricultural manipulations on arthropods can be identiÞed, aiding in the development of programs for effective enhancement or conservation biological control of pests. Although herbivore outbreaks occur in natural systems, their occurrences are not as frequent or predictable as those in managed systems (Letourneau 1997) . Further, comparative studies of herbivore abundance and diversity in natural and managed systems are rare (Barbosa 1993) , resulting in a lack of ecological knowledge, stalling the development of workable, integrated approaches to pest management in managed systems.
We could Þnd only two studies comparing the arthropod fauna of cultivated and feral hop. The focus of these studies was on acarine (Phytoseiidae) and acarine and insect (James et al. 2001 ) predators of T. urticae in the hop growing regions of Oregon and Washington, respectively. The objective of this study was to compare arthropod communities on feral and cultivated hop in the hop-producing region of southern Idaho. In addition, we were interested in determining whether measurable differences existed in selected parameters (e.g., foliar nitrogen content) for plants growing in feral and cultivated sites and whether these could be related to observed differences in arthropod abundance.
Materials and Methods
Study Sites and Sampling Methods Overview. Arthropod abundance and diversity was assessed using leaf and vacuum samples collected from hop plants growing at feral and cultivated sites in the major hop producing area of Canyon Co. in southern Idaho during 2000 and 2001.
Four cultivated (C2ÐC5) and four feral sites (F2Ð F5) were sampled in 2000. Samples were collected approximately every 2 wk from 31 May to 5 September in 2000 and 19 June to 20 August in 2001. This sampling period included the peak infestation of T. urticae in both years. Cultivated sites consisted of commercial hop yards planted in 12.9-to 31.6-ha monocultures of "Galena," "Willamette," or "Zeus" hop, 1.14 m apart within rows, 9.1 m apart, on a wire, cable, and string trellis Ϸ5.5 m high. Plants at cultivated sites received chemical, mechanical, and other agricultural inputs as determined necessary by the grower. Feral sites consisted of hop plants that had escaped from commercial cultivation and were found growing along fence rows, ditch banks, or ravines in the hop-producing area. These sites, except for one 9.4-ha. abandoned hop yard, were relatively small, containing 2Ð 4 discretely growing hop patches per site and encompassing an area of 0.6 Ð11 m 2 depending on the site and time of year. A limited number of plants were available at feral sites, and the height of these plants was limited by the availability of supports for climbing. The growth of plants at feral sites was typically prostrate, and the canopy height rarely exceeded 2 m. Hop plants in feral sites received no mechanical, chemical, or other agricultural inputs. The plants in feral sites could not be identiÞed to a speciÞc cultivated variety. To have a balanced number of treatments for statistical analysis, the number of sites sampled was limited by availability of feral sites. Temperature and rainfall data were collected each year from a weather station at the Parma Research and Extension Center. The weather station is within 8 km of the sample sites.
Leaf Samples. Six leaves were collected from each of three 2-m height intervals (0 Ð2, 2Ð 4, and 4 Ð 6 m) from each of six or three randomly selected plants per cultivated site in 2000 and 2001, respectively, and from randomly selected areas of each hop patch at feral sites. If, as was frequently the case in feral sites, plants did not exceed 2 or 4 m in height, only one or two sets, respectively, of vertical samples was collected per site. For all sites, three of the six leaves from each height of each plant were used for arthropod counts. The remaining three leaves were used for estimating leaf surface area, percentage leaf moisture, and leaf protein content. Leaves from each height were placed in plastic bags, three leaves per bag. Leaves used for estimating plant parameters were held in plastic bags containing a moist paper towel to prevent moisture loss before processing. All leaves were held on ice in a cooler and taken to the laboratory where leaves to be used for arthropod counts were frozen (Ϫ20 Ϯ 5ЊC) for later processing, and leaves used for estimating plant parameters were processed immediately as described below.
Arthropod Counts. To process collected arthropods, one-half of the abaxial and adaxial surface of each leaf was examined with the aid of a dissecting microscope. Adult T. urticae were counted. All other mites were counted, sorted to morpho-species, and stored in 70% EtOH until they could be slide mounted and identiÞed to species. Slide mounts were made using CMC-10 Mounting Media (Masters Chemical Company, Wood Dale, IL). Adult insects were pinned, point mounted, or held in 70% EtOH.
Plant Parameters. Leaves used for estimating plant parameters were immediately weighed to the nearest 0.01 g (to allow determination of moisture content) and photocopied or digitally imaged (2 August and 16 August sample dates in 2001) using a Kodak DC290 Zoom digital camera (Eastman Kodak Co., Rochester, NY). The leaves were then dried (49 Ϯ 5ЊC) in appropriately labeled paper bags to a constant weight. Dried leaf material was ground in a Thomas-Wiley Laboratory Mill with a 40-mm mesh delivery unit and stored (Ϫ20 Ϯ 5ЊC) for protein analysis.
Surface Area. To determine leaf surface area, leaf images preserved on photocopies were transferred to transparency Þlm (PP6900; Vu-Color, Colorado Springs, CO) and run through a LI-COR LI-3100 area meter (LI-COR, Lincoln, NE). Each transparency was run three times, and the readings were averaged for analysis. Areas of leaves recorded digitally were determined using digital analysis software (Sigma Scan Pro version 5.0; SPSS, Chicago, IL).
Leaf Water Content. Percent moisture was determined for each leaf by subtracting the leaf dry weight from the leaf wet weight and dividing the value by leaf wet weight.
Leaf Protein Content. Leaf protein content was determined using the Bradford method (Bradford 1976) . Aliquots (Ϸ0.5 mg) of ground leaf material were placed in 1.2-ml plastic micro tubes (United Laboratory Plastics, St. Louis, MO). One milliliter of 0.10 N NaOH was added, and the samples were vortexed for 3 s and incubated for 30 min on an orbital shaker. Samples were then vortexed for 3 s before centrifuging for 5 min at 5,000 rpm. Aliquots (200 l) of the supernatant were transferred in triplicate into micro-titer plate wells containing 50 l of protein reagent containing Coomassie Brilliant Blue dye, EtOH, and phosphoric acid (Bio-Rad Life Science Research, Hercules, CA). Absorbance at 595 nm was recorded within 15 min using a BIO-TEK Instruments EL 312 Microplate Reader (BioTek Instruments, Winooski, VT). Protein content of samples was determined by reference to a standard curve prepared by dilution of a standard (1.00 mg/ml) RuBP carboxylase (Sigma Aldrich, St. Louis, MO) solution to produce 72, 46, 24, and 9.6 mg/ml solutions, which were processed in triplicate with samples. All readings were adjusted for the average level of blank wells that were incubated with 200 l of 0.1 N NaOH.
Vacuum Samples. A Stihl BG55 leaf blower/vacuum (Stihl, Virginia Beach, VA), Þtted with a removable 9 by 15 cm acrylonitrile butadiene styrene (ABS) plastic cage with a polyester chiffon material bottom, was used to collect arthropods from foliage within a 0.28-m 2 area deÞned by a PVC rectangle placed against the foliage. The rectangle was held at a height of 1.5 m on six randomly selected plants in cultivated sites and was gently tossed onto each patch in feral sites. Vacuum samples were collected on different days and from different plants (cultivated sites) or patches (feral sites) than leaf samples. Although we tried to minimize disturbances caused by sampling activity, it was not uncommon to observe winged insects leaving the sample area as we approached the sampling site and collected samples. The arthropods collected in the removable cage were emptied into sealable plastic bags and held on ice in a cooler until all samples had been collected, and then they were taken to the laboratory and frozen (20 Ϯ 5ЊC) for later processing.
Vacuum samples were processed by emptying the contents of sample bags into a sorting tray. Arthropods adhering to the sample bag were dislodged by rinsing with 70% EtOH. Insects and spiders collected were identiÞed and counted. Mites were not counted in vacuum samples. Adult insects were pinned, point mounted, or held in 70% EtOH. Spiders (immatures and adults) were placed in 70% EtOH.
For both leaf and vacuum samples, all arthropods were identiÞed to family. Groups of particular interest were identiÞed to genus or, when possible, to species. Where the authors could not accomplish identiÞca-tions, appropriate authorities were consulted.
Voucher specimens representing all species collected have been deposited in the W.F. Barr Museum.
Field Measurements. In feral sites, the length, width, and height were measured for each patch on each sample date. In cultivated sites, the height of each sampled plant was measured on each sample date. The total site size was also determined for all feral and cultivated sites.
Data Analysis. The experiment was a completely random treatment design with two treatments (feral and cultivated) and four replicates. Data were analyzed as a univariate repeated measures analysis of variance (ANOVA; split plot in time) with treatment as the main plots and sample date as the subplot. Treatment differences were tested using F ratios, and potential interactions were evaluated using least squares means. Arthropod response variables were log transformed before analyses as necessary to meet ANOVA assumptions. Actual means are presented in tables and Þgures. All statistical computations were carried out using SAS version 8E for Windows (SAS Institute 1999). Plant height in cultivated sites increased during the early part of the sampling period until reaching Ϸ5.5 m, the limits set by trellis height, in early July. Plant growth in C5 was slightly behind growth in sites C2ÐC4 as this yard was planted in 1999. In feral sites, most hop patches grew prostrate and remained shorter than 2 m throughout the sampling period in both years. Table 1 .
Results

Average daily temperatures
Species Diversity. A total of 133 arthropod species was collected from hop during the 2-yr study: 127 from vacuum samples and 6 from leaf samples ( Table 2) . Both leaf and vacuum sample data indicate a higher species diversity in feral than in cultivated sites. The number of species collected from leaf samples was low and similar for cultivated and feral sites in both years (Table 3) . Shannon-Weaver diversity indices (HЈ) for leaf samples indicate that feral sites were more diverse than cultivated sites for both years. This seems to result from higher species evenness (JЈ) in feral compared with cultivated sites for leaf samples (Table 3) . Spider mites were the dominant species in leaf samples for both feral and cultivated sites (Table 3) . ShannonWeaver diversity indices for vacuum sample data were higher for feral sites than for cultivated sites in 2000 and 2001. The higher species diversity for feral sites resulted from higher species richness in feral compared with cultivated sites in vacuum samples. Except for a high species evenness value for feral sites in 2000, species evenness for vacuum samples was similar for cultivated and feral sites (Table 3) . Rank abundance plots for combined leaf and vacuum samples support the interpretation of higher species diversity for feral than cultivated sites in 2000 and 2001 (Fig. 1) (Fig. 2) . Although numbers of T. urticae were 5Ð10 times higher in cultivated than in feral sites, no statistically signiÞcant differences in T. urticae abundance between cultivated and feral sites could be detected in 2000 (P ϭ 0.0709) or 2001 (P ϭ 0.2193). Analyses of variously converted data, including conversion of mite numbers to mite days, did not alter statistical interpretations.
Phorodon humuli. P. humuli was more abundant in feral sites than in cultivated sites in 2000 (P ϭ 0.0200) but not in 2001 (P ϭ 0.0688). Numbers of P. humuli in feral sites peaked on 6 July 2000 (11.5 aphids/leaf) and 3 July 2001 (5.5 aphids/leaf). Populations of P. humuli remained at very low levels in cultivated sites, with mean P. humuli numbers never exceeding one aphid/ leaf (Fig. 2) .
Phytoseiidae. Two species of predatory mite, Galendromus occidentalis Nesbitt and Neoseiulus fallacis Garman (Acari: Phytoseiidae), were found in cultivated and feral sites. Overall, a small number of individuals were collected. G. occidentalis represented 80 and 44% of total number of phytoseiids (55) Insect Predators. Seventeen species of insect predators known to feed on T. urticae and/or P. humuli were collected in vacuum samples from feral and cultivated hop. These included Þve species of predatory Hemiptera, six species of Neuroptera, and six species of Coleoptera.
Combined numbers of predatory Hemiptera (species of Orius, Geocoris, Nabis, etc.) reached a maximum of 1.8/m 2 in cultivated sites on 31 July 2000 and remained at this level until early August (Fig. 3) . Neuroptera (species of Hemerobiidae and Chrysopidae) were more abundant in cultivated sites than feral sites during 2000 (P ϭ 0.0168) but did not differ between feral and cultivated sites in 2001 (P ϭ 0.1132; Fig. 3 ). Numbers of Neuroptera were low in cultivated sites during early July 2000 but increased in later samples, reaching peak levels of 1.9/m 2 on 14 August. Neuroptera were Þrst collected from feral sites on 26 July 2000, but were not collected from August samples. In 2001, Neuroptera were collected from cultivated sites only on 31 July and were not collected from feral sites. A signiÞcant (P ϭ 0.0104) time by treatment interaction was observed for Neuroptera in 2001. However, the total number of Neuroptera was low, and statistical interpretations are not likely to be affected by the interaction.
The mite-feeding Stethorus sp. (Fig. 3) was the most abundantly collected Coccinellid in 2000, reaching peak densities of 0.6/m 2 in cultivated sites on 7 July and 2.8/m 2 in feral sites on 14 August. The mean number of Stethorus sp. found in feral and cultivated sites did not differ (P ϭ 0.5444) in 2000. In 2001, Stethorus sp. density peaked at 2.1/m 2 on 6 June in feral sites and at 0.1/m 2 on 7 July in cultivated sites. Although Stethorus sp. was more abundant in feral than in cultivated sites (P ϭ 0.0018), the time by treatment interaction was also highly signiÞcant (P ϭ 0.0001) and should be considered when interpreting results. There were no signiÞcant differences in the average number of other Coccinellidae (Hippodamia and Coccinella species) collected from feral and cultivated sites during either 2000 (P ϭ 0.3092) or 2001(P ϭ 0.1315).
Araneae. The most abundant group of predators collected was the Araneae (Fig. 3) . Spiders were more abundant in vacuum samples from feral sites than from cultivated sites in both 2000 (P ϭ 0.0001) and 2001 (P ϭ 0.0114). Six families of spiders were found: Dictynidae, Gnaphosidae, Thomisidae, Agelenidae, Oxyopidae, and Salticidae. The mean number of spiders collected in 2000 reached 19.3/m 2 on 26 July in feral sites and 0.9/m 2 in cultivated sites on 14 August. In Hymenoptera. Seventeen families of parasitic Hymenoptera were found in feral and cultivated hop (Fig. 3) . Parasitoids were more abundant in feral sites than in cultivated sites in 2000 (P ϭ 0.0265) and 2001 (P ϭ 0.0081). In 2000, the mean number of parasitic Hymenoptera reached 11.1/m 2 on 7 August in feral sites and 2.4/m 2 on 10 July in cultivated sites. In 2001, parasitic Hymenoptera reached 17.1/m 2 on 19 June in cultivated sites and 1.9/m 2 on 31 July in cultivated sites. Mymaridae were the most abundant family of wasps collected, followed by Eulophidae and Scelionidae. The mean number of Mymaridae found in feral and cultivated sites was similar in 2000 (P ϭ 0.4266), but in 2001, Mymaridae were more abundant in feral sites (P ϭ 0.0521). Six species and two species-groups were found: Gonatocerus "ater" group, Gonatocerus "litoralis" group, Gonatocerus latipennis Girault, Gonatocerus capitatus Gahan, Polynema sp., Anaphes iole Girault, Camptoptera sp., and Anagrus sp. Eulophidae were more abundant in feral sites than in cultivated sites in 2000 (P ϭ 0.0132), whereas similar numbers were collected from feral and cultivated sites in 2001 (P ϭ 0.4715). Chrysocharis sp., Quadrastichus sp., Entedon sp., Aprostocetus Ootranstichus sp., Sympiesis sp., and one unidentiÞed species of Eulophidae were found. Three genera of Scelionidae, Telenomus sp., Trissolcus sp., and one unidentiÞed species, were col- 
Discussion
Agricultural manipulation of hop in southern Idaho has resulted in an overall loss of species diversity, measured by species richness and species evenness, in cultivated sites compared with feral sites. Rank abundance plots and the Shannon-Weaver diversity index also indicate a higher diversity in feral than cultivated hop. Despite the higher overall diversity of feral sites and an aggressive pesticide application program for management of arthropod (i.e., T. urticae and P. humuli) and disease (i.e., P. macularis) pests in cultivated sites, no clear patterns in the diversity and abundance of key arthropod pests or their natural enemies could be discerned. Numbers of P. humuli were greater in feral than in cultivated sites in 1 of the 2 yr of the study. Spider mite numbers were numerically higher in cultivated than in feral in both years; however, statistically signiÞcant differences in the abundance of spider mites between feral and cultivated sites were not observed. Similarly, statistical differences in the diversity and abundance of key spider mite predators, including the predatory mites G. occidentalis and N. fallacis, could not be detected between cultivated and feral hop.
A greater abundance and diversity of predators and parasitoids in diverse habitats is predicted by RootÕs (Root 1973 ) enemies hypothesis, according to which, herbivores are checked early by the functional response of enemies whose numbers have been maintained by the diverse resources available in complex environments. Consistent with this hypothesis, diversity and abundance of parasitoids and spiders was higher in feral than in cultivated hop from the earliest sample date each season. Their abundance may be due in part to a greater diversity of prey/hosts on hop and surrounding vegetation in feral sites and/or to the absence of pesticides in these sites. However, abundance of other natural enemy groups either did not differ between cultivated and feral sites (e.g., predatory Hemiptera) or were higher in cultivated than in feral hop (e.g., Neuroptera in 2000). Properties of individual plants measured, leaf moisture, leaf surface area and leaf protein content, did not differ between feral and cultivated hop. However, variation in plant characteristics not measured in this study, such as leaf hairiness, carbohydrate content, and wax-load may affect herbivore load.
Studies conducted in Oregon and Washington (James et al. 2001 ) also failed to detect differences in densities of T. urticae in feral and cultivated hop. The densities of T. urticae/leaf found in southern Idaho in this study, however, were substantially higher, and the abundance and diversity of phytoseiid species lower than those in observed in the Oregon and Washington studies. The differences observed between these and the current study could be caused by differences in climate and/or production practices between hop growing regions or by methodological differences among the three studies.
Spider mite survival and reproduction are strongly inßuenced by temperature and relative humidity, and population explosions of this pest are favored by hot, dry conditions. Increasing temperature from 15 to 30ЊC decreases T. urticae generation time from Ϸ40 d to Ͻ1 wk (Campbell 1991) . Similarly, decreasing relative humidity from 95 to 36% at 20ЊC increases egg deposition by over 40% (Campbell 1991) . Conversely, growth and reproduction in the phytoseiids, G. occidentalis and N. fallacis, are favored by cooler, moister conditions. Tanigoshi et al. (1975) determined that the optimal temperature for population increase of G. occidentalis was 33.4ЊC. Above this optimum, the predator experienced greater egg mortality compared with T. urticae. N. fallacis is less tolerant of low humidity than G. occidentalis. The lethal humidities (LH 50 ) at 20ЊC of strains of N. fallacis and G. occidentalis collected from the Willamette Valley, OR, were 69.7 and 28.4%, respectively . High temperatures and low humidity in the hop-growing region of southern Idaho may favor rapid population growth of T. urticae but limit growth of N. fallacis, and to a lesser extent G. occidentalis, compared with the cooler, moister, Willamette Valley of Oregon. The hop-growing region of southern Idaho, however, is only slightly warmer and drier than the Yakima Valley of Washington where G. occidentalis seems to thrive (Pruzynski and Cone 1972) .
Production practices may also have affected T. urticae and phytoseiid density in the different regions. James et al. (2001) state that all cultivated sites received four miticide applications each year during their Washington study, while only one to two applications were made at the Idaho sites. The timing and chemistry of miticides may also have differed between states in these studies. Strong and Croft (1993) do not comment on pesticide use in their Oregon study.
Differences in sampling methods may also have contributed to differences in T. urticae and phytoseiid densities among these studies. Strong and Croft (1993) sampled for T. urticae and phytoseiid predators near support poles where T. urticae and phytoseiids were likely to overwinter and in feral sites selected leaves with T. urticae when possible . Therefore, their measure of T. urticae and phytoseiids/ leaf may have been higher than those obtained from this study where sampling was spatially randomized. James et al. (2001) randomly selected 30 leaves from each site regardless of canopy height, whereas sample collection in this study was stratiÞed by plant height. Indeed, samples stratiÞed by plant height, collected from the Yakima Valley in July and August of 2000 yielded mite densities more similar to those obtained in the current study than those reported by James et al. (2001) for the same time period (Gardiner 2002) .
Several authors have argued that current crop management practices prevent successful biological control of T. urticae (Cranham 1985 , 1995 . Research on the biological control of T. urticae has focused on conservation or augmentation of phytoseiid predators (Pruszynski and Cone 1972 , 1995 , 1996 . Low numbers of phytoseiids, even in unsprayed feral sites in Idaho, indicate the need to determine what factors limit phytoseiid populations in cultivated hop. Clearly, cultural practices are not the only factors suppressing these predators. Previous studies have suggested conserving phytoseiids by using selective pesticides, planting ground covers favorable to phytoseiid survival, and eliminating harmful cultural practices such as chemical crowning (in which a desiccant such as paraquat or sulfuric acid is applied) (Strong and Croft 1995) . Such changes in cultural practices may be warranted, but based on the results of this study, will not be sufÞcient to ensure high phytoseiid populations.
The role of parasitoids and spiders in the arthropod community on hop requires further study. On removal of broad-spectrum pesticides, parasitoids may be able to limit P. humuli populations in hops. Few aphidparasitizing species, however, were collected from cultivated or feral hops in this study. Some spider species may feed on P. humuli and/or T. urticae; however, data on predation of these pests by spiders in hops are not available. Conversely, by reducing overall insect abundance, or through intraguild predation, spiders may disrupt biological control of T. urticae or P. humuli by feeding on insect predators of these pests. James et al. (2001) espouse the use of a communitybased integrated control program for T. urticae, relying on multiple predators. The results of our study afÞrm that conclusion. T. urticae dominated cultivated hop and arthropod diversity was low despite, or perhaps as a result of, the frequent use of acaricides to reduce T. urticae numbers. T. urticae seemed to be less dominant, and arthropod diversity higher, in feral sites. Key T. urticae predators, including predatory mites, were not abundant in either feral or cultivated sites, indicating that a dominant control agent does not exist, so that managing for several natural enemy species may therefore prove a better model for successful biological control of T. urticae in hops.
